In spite of its importance to this region, little is known about its seroprevalence and 48 distribution, and pig-level and farmer-level factors that may have an impact on the 49 serological status of an individual pig. To address this knowledge deficit, a cross-sectional 50 seroprevalence survey was conducted in 2010 involving 2160 pigs and 805 farmers from four 51 islands in the region. Farmer questionnaires and pig record forms were used to collect data 52 about the farmers and pigs surveyed. Blood was collected from each pig to determine its 53 CSFV serological status. Apparent and true prevalence were calculated for each island, 54 district, subdistrict, and village surveyed. CSFV serological status was used as an outcome 55 variable in mixed effects logistic regression analyses. 56
Overall true CSFV seroprevalence was estimated at 17.5% (lower CI 16.0%; upper CI 57 19.5%). Seroprevalence estimates varied widely across the islands, districts, subdistricts, and 58 villages. Manggarai Barat, a district on the western end of Flores Island, contained pigs that 59 were positive for antibody to CSFV. This result was unexpected, as no clinical cases had 60 been reported in this area. Older pigs and pigs that had been vaccinated for CSFV were more 61 likely to test positive for antibody to CSFV. The final multivariable model accounted for a 62 large amount of variation in the data, however much of this variation was explained by the 63 random effects with less than two percent of the variation explained by pig age and pig CSFV 64 vaccination status. 65
In this study we documented the seroprevalence of CSFV across four islands in East 66 The overarching aim of the presented study was to better understand CSFV 136 seroprevalence and distribution in NTT to provide information to support decisions on CSFV 137
control. The objectives of this study were: 1) to determine CSFV seroprevalence in West 138
Timor and Sumba islands, both classified as CSFV infected; 2) to detect the presence of 139 CSFV antibody in CSFV suspect and not infected districts on Flores island, and in Lembata 140 island, which was classified as not infected in 2010, and; 3) to investigate pig-level and 141 farmer-level factors to determine their impact on pig CSFV serological status in the islands 142 surveyed. 143
144

Material and methods
145
The survey was conducted as described from April to September 2010 following 146 approval the University of Sydney's Human Research Ethics Committee (08-2009/11866). 147
148
Questionnaire design 149
A c c e p t e d M a n u s c r i p t health history and response, and farmer CSFV knowledge and awareness, and vaccination 152 practices. A pig record sheet was developed to record information regarding the sex, age, 153 health in the last three months, source, body condition score (BCS), and CSFV vaccination 154 status of the pigs from which a blood sample was collected. Simple random sampling was used to select twenty to 50 percent more farmers than 208 required from each village. Extra farmers were selected to ensure a sufficient number of 209 farmers were surveyed. Farmers had to be present in the village on the day of the interview 210 team visit to participate. In Flores and Lembata, farmers also had to own at least three pigs 211 over the age of three months. In Sumba, pigs owned by multiple individuals were often 212 grouped in pens and under the care of a single farmer. Therefore in Sumba, farmers had to 213 have at least three pigs over the age of three months under their care to participate. In West 214
Timor, farmers had to own a minimum of one pig over three months of age to participate. If a 215 selected farmer did not meet the selection criteria or was unwilling to participate the next 216 farmer selected during the random sampling process who met the criteria replaced them. 217
Farmers were informed of their selection on the day prior to the village visit, and therefore a 218 high rate of farmer attendance in the village was expected. Farmers were provided with a free 219 health check of their pigs and administration of medications as required as an incentive. 220
221
Selection of pigs 222
In Sumba, three pigs three months of age or older were selected for blood sample 223 collection from each interviewed farmer using convenience sampling for a total of 90 pigsA c c e p t e d M a n u s c r i p t from each interviewed farmer using convenience sampling. In each village in West Timor, at 226 the end of the interview process there were fewer than 90 pigs sampled and therefore the 227 decision was made to sample pigs greater than three months of age from farmers who did not 228 take part in the farmer interview. In Flores and Lembata, three pigs greater than three months 229 of age were selected from each interviewed farmer using convenience sampling for a total of 230 60 pigs sampled per village. Previous studies have shown that maternally derived antibody 231 levels reach a minimum level by about 10 weeks of age, and therefore it was assumed that 232 maternal derived antibody would not be present in pigs greater than three months of age 233 (Klinkenberg et al., 2002a) . 234 Table 1 lists by island the names of the study districts, subdistricts, and villages, and 235 the number of farmers and pigs sampled. sensitivity and 95% specificity. The sample size required ranged from 81 to 99 pigs 244 depending on the expected prevalence, and therefore the midrange value was chosen. 245
In Flores and Lembata, the number of pigs required to detect CSFV antibody was 246 calculated with Epitools (Sergeant, 2010) using: 1) a minimum expected prevalence in the 247 selected villages of 5%; 2) a village pig population ranging from 500 to 5000 pigs; 3) a level 248 of confidence of 95%; and 4) an imperfect test with 95% sensitivity and 100% specificity.M a n u s c r i p t
These inputs resulted in a sample size ranging from 59 to 62 pigs depending on the village 250 pig population size, and therefore the midrange value was chosen. 251
252
Data and sample collection 253
The farmer questionnaire was completed during each participant interview. This 254 process was conducted prior to blood collection from the sampled pigs. The pig record form 255 was completed after sample collection. Each farmer and pig was assigned a unique 256 identification code. 257
Pigs were manually restrained with a nose snare and 3 ml of blood was collected from 258 the jugular vein using a serum vacutainer and 20-gauge needle. When blood could not be 259 collected from the jugular vein, a 23-gauge needle and 3 ml syringe were used to collect 260 blood from the lateral ear vein. This sample was then immediately transferred to a serum 261 Table 2 . Variables that were statistically significant (p-value <0.05) were retained in the final model. 351
The correlation between covariates was evaluated using a chi-square test and deemed 352 significant at a p-value of less than 0.05. A 2-way interaction between age and vaccinated for 353 CSFV was tested within the multivariable model. 354
To control for the effect of clustering, farmer, village, subdistrict, district, and island 355 were fitted separately as random effects. Goodness-of-fit of the final logistic regression A c c e p t e d M a n u s c r i p t
The final model for CSFV serological status is presented in Table 8 . The two 400 variables in the final model were both pig-level characteristics. Pigs with a previous history 401 of vaccination for CSFV were 3 times more likely to test positive for antibody to CSFV. Pigs 402 equal to or greater than 12 months of age were 2.5 times as likely to test positive for antibody 403
to CSFV compared to pigs 3-5 months of age, while pigs 6-11 months of age were equally as 404 likely to test positive for antibody to CSFV compared to pigs 3-5 months of age (Table 8) . 405
The variables 'Age' and 'Vaccinated for CSFV' were significantly correlated. 406
However, pigs 3-5 months of age were more likely to be vaccinated for CSFV compared to 407 the other two age categories, and the proportion of pigs 6-11 months of age vaccinated for 408
CSFV was similar to that of pigs 12 months of age. Therefore both variables were left in the 409 multivariable model. The interaction term for age and vaccinated for CSFV was not 410 significant. None of the other variables in the final model were significantly correlated. 411
The conditional R 2 value for the overall model was 0.638, though the marginal R 
Intraclass correlation coefficient 416
The variances and ICCs for the five random effect terms are shown in Table 9 . The 417 data were highly clustered at the subdistrict, village, and farmer levels. 418
419
Discussion
420
CSFV is a highly infectious disease of pigs with major animal health and economic 421 consequences. In regions where CSFV is endemic, the first step to controlling the disease is 422 to understand its seroprevalence and distribution. Therefore we undertook a CSFV 89 percent and test specificity was 100 percent for the tests in series (Sergeant, 2014) . In 434 2010, Epitools assumed a test specificity of 100 percent when calculating the sample size 435 required for disease detection, which is the reason that test specificity was set at 100 percent 436 when determining the number of pigs to be sampled on Flores and Lembata. A sample size of 437 60 was sufficient for detecting CSFV antibody at a minimum expected prevalence of six 438 percent, assuming a village pig population of 5000, a level of confidence of 95 percent, and 439 an imperfect test with 89 percent sensitivity and 100 percent specificity (Sergeant, 2014) . 440
In West Timor, farmers had to own at least one pig over three months of age to 441 participate, while in Flores, Lembata, and Sumba farmers had to care for at least three pigs 442 over three months of age to participate. This selection bias toward larger herds in Flores, 443
Lembata, and Sumba could have impacted the seroprevalence calculations. Given that larger 444 herds are responsible for the majority of pig movements into and out of a village, 445 seroprevalence estimates for the islands of Flores, Lembata and Sumba may be higher than 446 those that would have been calculated had farmers with fewer than three pigs over three 447 months of age been eligible to participate.
A c c e p t e d M a n u s c r i p t
True seroprevalence varied widely between the islands, districts, subdistricts, and 449 villages (Table 3) expected to be very low to non-existent. A minimum expected prevalence of 5% was used to 517 calculate the sample size required to detect the presence of CSFV in this district. The true 518 prevalence of CSFV in Manggarai Barat was 13.1%, with all seropositive pigs detected in 519
Lembor subdistrict (Table 3) . This result could be due to one or a combination of several 520 factors. Underreporting of clinical CSFV has been reported in NTT (Santhia et al., 2003) . In 521 addition, the virulence of the strain or strains of CSFV circulating in NTT is unknown, and A c c e p t e d M a n u s c r i p t M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t M a n u s c r i p t 
